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ABSTRACT 
The goal of this project is to design, install and test a Smart Recloser system that is able to protect 
electric power distribution lines from faults. The system was implemented by a microprocessor 
circuit breaker device that constantly monitors the distribution lines for current increase and 
disruptions in the power signals. Any notable changes cause the Smart Recloser to open the lines 
and recloses it only when the fault is cleared. The device was tested through simulations and a 
small scale implementation.   
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1.0 INTRODUCTION 
Electricity is what connects the world together. It is the source of power that has helped fuel the 
advances of countless innovators and has pushed our society into the technological era. In today’s 
age, this form of power is as important as ever. It is clear that the preservation and safe distribution 
of this energy is crucial. Of the countless tools used today, this project will be focusing on the 
implementation of the Smart Recloser. 
 
The electrical power system involves the distribution of electricity through large conductors 
spanning across entire countries. Although this power grid has successfully supplied energy to 
numerous homes, it is also very prone to the dangers of the extreme weather and environment. 
This can lead to potential lighting strikes, fallen trees, and short circuits of the power lines. These 
potential factors will cause to irregularities in the distribution system – called faults. These faults 
may involve high surges of power and current, causing potentially hazardous or fatal conditions 
for the consumer’s end.  It is due to this that electrical utility companies implement numerous 
protection devices.  
 
One important precaution measure used is the autorecloser. It acts as a circuit breaker if any surges 
of current are detected and opens the power lines. As the name implies, it automatically attempts 
to close the line numerous times. However, if the faults are persistent and remains, the autorecloser 
will exceed its set programmed number of tries to close the line, keeping the power lines 
disconnected. In this case, workers will be necessary to manually reconnect the lines. However, it 
today’s aging distribution system, it is not always easy or safe to detect which lines need 
maintenance.  
 
Thus, the focus of the project is the design of a Smart Recloser that can detect and monitor faults. 
If there is a surge of current, the reclose can break the line and reduce any dangerous conditions to 
the consumer. At the same time, the Smart Recloser will be able to monitor the fault and only 
reconnect the line when the fault has successfully cleared. Thus, reducing the need for manual 
labor and providing a smoother distribution of power across the world.  
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2.0 BACKGROUND 
In order understand the scope of the problem and the purpose of this project, it is important to 
know the general information involving the modern power grid. This section will cover a brief 
overview of the typical power grid and distributed electricity. This will be followed by various 
faults and their different effects that may be experienced. Finally, this section will discuss current 
fault protection systems used.  
 
2.1 ELECTRICAL POWER GRID 
The delivery of electric power to the customer has 3 main components: Generation, Transmission, 
Distribution. A depiction of the power grid can be seen below in figure 2.1.1.  
 
 
Figure 2.1.1: Electrical Power Grid 
At the first stage, generation, electricity is produced at power utility plants. Electricity can be 
generated through a number of methods involving burning fossils fuels, using nuclear plants, or 
green technology. The electricity generated at this stage is approximately 13,800volts. The typical 
characteristics of electricity is 3-phase AC voltage. At the end of generation, the power is stepped 
up at transformers and prepared for transmission.  
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At the second stage, transmission, electricity must travel long distances that can span miles. It is 
important at this stage the the electricity must be stepped up to a high voltage in order to reduced 
power losses in the line. During transmission, electricity continues to be stepped up and down a 
number of times.  
 
At the final stage, distribution, electricity is stepped down to appropriate levels according to the 
customer needs. This electricity is then delivered to the customer for use.  
 
2.2 DISTRIBUTED ELECTRICITY 
In a typical power distribution system, electricity will be supplied through a 3-phase AC signal as 
shown in figure 2.2.1. This is done by supplying electricity through 3 different conductors. Each 
of these signals has a frequency of 60Hz, but are all 120o out of phase within one another. The 
advantage of this method is that it provides more power and less conductor material compared to 
a signal wire used. Thus, it is a more efficient method to supply electricity.  
 
 
Figure 2.2.1: 3-Phase Electrical Power Signal 
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In order to fully analyze the effect of faults on distribution lines, it is important to consider how 
the signal of a 3-phase system may be affected.  
 
2.3 TYPES OF FAULTS 
In electrical networks power lines can be subject to a number of probabilities for faults such as 
lightning, wind, trees falling, or line conductor failure. Once these faults occur, the power system 
will deviate from its normal voltage and current operating conditions. This is can potentially lead 
to electrical failures, fires, or even life-threatening situations.  
 
Although there are a number of faults that distribution lines are vulnerable to, this project will 
analyze two important types of faults: Low Impedance Faults and High Impedance Faults.  
 
2.3.1 LOW IMPEDANCE FAULTS 
Low Impedance faults may occur when power lines are short circuited or when there is a lightning 
strike to power lines. This will cause the current to reach extreme levels. In most cases, this fault 
may be a quick pulse to the to the distribution system. By analyzing significant rises in current, 
these type of faults will be easy to detect and resolve. The graph in figure 2.3.1 displays what a 
Low Impedance fault may look like.  
 
Figure 2.3.1: Low Impedance Faults 
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2.3.2 HIGH IMPEDANCE FAULTS 
High Impedance faults may occur when there is some disruption in the generation or any irregular 
elements that may affect the power lines. This will cause some harmonics that contribute to the 
electrical signal to appear deformed and become noisy. Thus, the signal supplied may be disrupted 
or unbalanced. The figures 2.3.2 display the possible effect on the power line signals.  
 
Figure 2.3.2: Low Impedance Faults – Asymmetrical sinusoidal signal 
By analyzing both the Low Impedance faults and High Impedance faults, a clear observation 
between real and assumed faults can be detected. For instance, although the current may peak to 
high levels, it may not actually be a fault. In some cases, the customer may need to use more 
current to supply their equipment. Thus, it will appear that a fault has occurred when in fact it has 
not. The apparent method in differentiating from a real and assumed fault is by detecting any 
changes in harmonics. Thus, if a true fault occurs, there will be both a change in current levels and 
harmonics within the signal. By analyzing both scenarios, we will be able to determine which are 
faults and how to appropriately react. This will be the main basis of this project. 
 
2.4 FAULT PROTECTION 
The circuit breaker is a common form of fault protection. These devices are designed as electric 
switches that protect circuits from overloads. When it detects any faults, their contacts open and 
disconnect the power lines. An autorecloser is a special type of circuit breaker that automatically 
reclosed the power lines after a fault occurs. Typically, the recloser will attempt to close the line 
for a set number of times. However, if the fault is persistent the autorecloser will reach its 
preprogrammed number and remain open. The aim of this project is to redevelop the recloser and 
implement an intelligent microprocessor controlled design to the device.   
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3.0 PROBLEM STATEMENT 
The goal of this MQP is to design a Smart Recloser that is able to detect faults and monitor the 
line to determine when the the fault has cleared, automatically opening and closing the line. This 
project will focus on a small scale prototype that will be able to serve as a proof of concept. The 
prototype will be able to analyze single phase distribution lines at lower voltage levels and monitor 
Low Impedance and High Impedance faults, safely connecting/disconnecting the lines. Thus, 
successfully protecting the customers’ equipment and reducing the need for manual labor.   
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4.0 SMART RECLOSER - DESIGN APPROACH 
The following section provides the initial overview of the Smart Recloser. The block diagram is 
first introduced to provide a summary of the functional blocks of the system. The behavior of each 
block is then detailed to describe the purpose of the system. 
 
4.1 BLOCK DIAGRAM OVERVIEW 
The Smart Recloser consists of Distribution Line Tester and four major functional blocks: The 
Current Sensor, Wave Analyzer Circuit, Microcontroller, and the Switching Relay Block. The 
complete block diagram can be seen in figure 4.1.1. 
 
 
Figure 4.1.1: Block Diagram 
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In this miniature prototype, the Distribution Line Tester will be able to simulate a power line. 
Different modes of operation will be studied and will operate during normal conditions and also 
during faults. By testing this line at different modes of operation, it can show that the Smart 
Recloser can successfully monitor a power line and react appropriately.  
 
The Current Sensor is a vital part gathering information from power lines. In this application a 
non-invasive method is chosen to allow the sensor to read the level of current through the 
Distribution Line. As explained later in this paper, the current sensor will only be able to output a 
very small level of voltage. This signal will need to be further amplified to successfully read data 
from the line.  
 
The Fault Sensor circuit will be able to analyze the Distribution Line signal and determine if a 
fault has occurred. This will be done by observing the harmonics of the signal and comparing 
differences between the positive and negative halves of the waveform. Any notable changes will 
output a logic HIGH voltage, otherwise no voltage will be outputted.  
 
The Arduino Uno was selected to control the Smart Recloser. Depending on the data received from 
the Fault sensor circuit, the microprocessor will be able to connect or disconnect the line 
automatically.  
 
The Switching Relay Block will be interfaced by the Arduino. The relay will be disconnecting the 
line if a fault has been detected. If the fault has cleared, the relay will reconnect the line.  
 
These different components of the Smart Recloser was tested using various simulations. The two 
major functional blocks, the Current Sensor and the Wave Analyzer Circuit was first tested 
separately. Then the final functional block, the Switching Relay block, was tested to demonstrate 
closing and open the transmission line. 
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The circuit schematic used to analyze the Testing Distribution Line is shown in figure 4.1.2. 
 
Figure 4.1.2: Wave Analyzer Circuit 
4.2 DISTRIBUTION LINE TESTER 
The Test Distribution Line will help demonstrate various faults and how the current will affect the 
load. The transmission line is shown below: 
 
Figure 4.2.1: Testing Distribution Line 
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Similar to the signals in power lines, the electricity supplied will operate at a frequency of 60Hz. 
For the purpose of this project, the voltage is downscaled to a safer level of approximately 10Vpk.  
 
There are four main modes of operation to pay attention to: Normal, Low Impedance Fault, High 
Impedance Fault and High Impedance mode. During the normal operation, we will expect regular 
current waveforms and safe levels – this is demonstrated through Rload. When the switch S5 
connecting Rfaultlow is closed, the low impedance fault operation will be active. During this fault 
operation, we will notice much higher currents in the waveforms. When the switch S1 connecting 
Rfaulthigh is closed, the high impedance fault operation will be active. During the fault operation, 
we will notice slightly higher currents and larger harmonics in the waveforms. Finally, when a 
fault is detected in either case the circuit will enter High Impedance mode by opening switch S4 – 
simulating the recloser disconnecting the line. High Impedance mode will help lower the current 
to safer levels and also allow us to read the change in current flow. This is a vital aspect of the test 
line, since the line is still connected, it will still be possible to analyze the signal in the distribution 
line.  
 
In order to understand function of the Smart Recloser, it will be important to understand the modes 
of operations and the two types of faults that will occur to the Distribution Line Tester.  
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4.2.1 LOW IMPEDANCE FAULT 
The signal response of the Distribution Line Tester during a low impedance fault is shown in 
figures 4.2.2 and 4.2.3.  
 
Figure 4.2.2: Low Impedance Fault Current Analysis 
 
Figure 4.2.3: Low Impedance Fault Voltage Analysis 
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As shown in the figures above, an important response of the low impedance fault is a significant 
rise in current. At regular operation, the maximum current is approximately 250mA. However, 
once a fault occurs, this current peaks to 1.31A. This models an over current fault which can be 
very dangerous. By analyzing this significant response in current and comparing it to a certain 
threshold, the recloser will be able to determine if there is a low impedance fault. Once the signal 
in the test line has returned to normal operation levels, the recloser will be able to know that the 
fault has cleared.   
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4.2.2 HIGH IMPEDANCE FAULT 
The signal response of the Distribution Line Tester during a high impedance fault is shown in 
figures 4.2.4 and 4.2.5.  
 
Figure 4.2.4: High Impedance Fault Current Analysis 
 
Figure 4.2.5: High Impedance Fault Voltage Analysis 
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As shown in the figures above, an important response of the high impedance fault is the imbalance 
of the current waveforms. At regular operations, the upper and lower peaks of the waves are 
equivalent. However, once a fault appears, the upper wave increases by approximately 90mA. This 
models a fault in which the current levels are not high, but the waveform symmetry is affected. By 
analyzing the upper and lower waveforms, the recloser will be able to determine if there is a high 
impedance fault. If the positive and negatives waves are equivalent, the recloser will know that the 
fault has cleared.  
 
4.2.3 FOURIER TRANSFORM ANALYSIS 
Taking a look into the Fourier Transform of the signal through the Distribution Line Tester at 
various modes of operation will help us understand the fluctuations in the line. Namely the 
harmonics that occur during faults. Typically, for a regular signal, the waveform will only have 
contributions from it first harmonic, at 60Hz. However, when faults occur the Smart Recloser will 
see the second harmonic affecting the signal as well. This relationship can be observed in figures 
4.2.6, 4.2.7, and 4.2.8.  
 
Figure 2.4.6: Fourier Transform – Regular Operation 
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Figure 2.4.7: Fourier Transform – Low Impedance Fault 
 
Figure 2.4.8: Fourier Transform – High Impedance Fault 
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4.3 CURRENT SENSOR 
The next phase in the design is to read the current from the power line. This is done using a Current 
Sensor. The schematic used is shown below in figure 4.3.1.  
 
Figure 4.3.1: Current Sensor Circuit 
 
 
Since it is important not to interfere with the signal through the test distribution line, the current 
sensor must be able to read the signal without disturbing the current. This can be done by using a 
non-invasive method in which the sensor can read the magnetic field induced by the current 
through the conductors. As shown above, the current sensor is effectively a current transformer. 
Placing a resistor across the sensor, will output a proportional voltage signal. 
 
4.3.1 CURRENT SENSOR OUTPUT 
The image in figure 4.3.2 and figure 4.3.3 displays the simulated output of the current sensor for a 
low impedance fault and high impedance fault.   
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Figure 4.3.2: Low Impedance Fault – Current Sensor Output 
 
Figure 4.3.3: High Impedance Fault – Current Sensor Output 
As shown in the figures above, the output voltage waveforms are directly proportional to the 
current through the Testing Distribution Line. However, the actual values of the signal will be too 
small for the Smart Recloser to accurately analyze. Thus, it will be required to amplify the signal 
further in the following phase.  
 
4.4 WAVE ANALYZER 
This section explains the design used for the Wave Analyzer phase of the Smart Recloser. The 
circuit diagram is shown in figure 4.4.1. 
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Figure 4.4.1: Wave Analyzer Schematic 
The purpose of the Wave Analyzer is to amplify the signal from the Current Sensor and separate 
the upper and lower waveforms of the the signal. This signal is then rectified to a stable dc voltage 
and connected in the microcontroller of the following phase. This analyzer is composed of two 
main components for both the positive and negative halves of the signal, the amplifier and the half-
wave rectifier.  
 
 
4.4.1 AMPLIFIER 
The amplifier is used to increase the signal from the current sensor. There are two sets of amplifiers 
used for the positive and negative waves. The amplifier design is shown in figure 4.4.2 and figure 
4.4.3. 
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Figure 4.4.2: Upper Half Wave Amplifier Design 
The non-inverting amplifier was implemented for the the postive half of the signal. With the above 
resistor component values, the design will amplify the signal by three times. The amplification is 
given by the following equation: 
  Av = 1 + R9/R1 = 1 + 20kOhm/10kOhm = 3  
 
 
Figure 4.4.3: Lower Half Wave Amplifier Design 
Two amplifiers were cascaded to effectively implement the signal. A unity gain amplifier was used 
in order to ensure that the current output was not affected. An inverting amplifier was then used in 
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order to capture the negative half of the waveform. With the above component values, the design 
will amplify the signal by three times.  
  Av1 * Av2 = (1) * (-R7/R11) = - 30kOhm/10kOhm = - 3 
 
4.4.2 HALF-WAVE RECTIFIER  
With the signal amplified to an adequate amount, it is required to rectify the voltage to a constant 
DC level in order for the microcontroller to analyze the contribution of the upper and lower half 
waves. The design is shown in figure 4.4.4. 
 
Figure 4.4.4: Half-Wave Rectifier w/ Smoothing Capacitor 
The half-wave rectifier and smooth capacitor was used to set the signal to a constant DC voltage 
level. For the rectifier to work, the components had to be selected in order to ensure that the signal 
was able to discharge and charge at a desired rate. Furthermore, the smoothing capacitor will also 
produce a ripple voltage at the output, this ripples is something that needed to be minimized as 
much as possible. With these two considerations in mind, the design of the rectifier was selected. 
The values of the components was determined with the following relations.  
R   *   C   >>   1   /   f  
Vripple   =   Iload   /   f   C 
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4.4.3 WAVE ANALYZER OUTPUT 
With both components of the Wave Analyzer combined, the output signal should be able to output 
a close to DC level voltage with varying levels according to the faults seen at the Testing 
Distribution Line. The outputs for the Wave Analyzer is shown in figure 4.4.5 and figure 4.4.6. 
 
Figure 4.4.5: Low Impedance Fault – Wave Analyzer Output 
In the case of a low impedance fault, the voltage increases to a very large amount and there is also 
some imbalance between upper and lower waveforms. The Smart Recloser will then be able to 
analyze if the voltage reaches a certain threshold and determine if it is a low impedance fault, this 
will then trigger the high impedance mode and only clear once the voltage level is under the 
threshold. 
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Figure 4.4.6: High Impedance Fault – Wave Analyzer Output 
In the case of a high impedance fault, the voltage level does not increase as significantly. However, 
there is a large difference between upper and lower waveform signals. The Smart Recloser will be 
able to analyze this difference and determine if it is a high impedance fault, triggering the high 
impendence mode. The Smart Recloser would only return to normal operation if the upper and 
lower waveforms were of similar levels.  
  
4.5 MICROCONTROLLER & SWITCHING RELAY 
The final blocks of the Smart Recloser comprise of the Microcontroller and the Switching Relay. 
The Microcontroller will take and analyze the signal from the Wave Analyzer block. According to 
the measured values of the the signal, the Microcontroller will interface with the Switching Relay 
in order to set the Testing Distribution Line to regular or high impedance modes. The two blocks 
are discussed in further detail.  
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4.5.1 MICROCONTROLLER FLOW CHART 
The logic flow chart of the Microcontroller is shown in figure 4.5.1. 
 
 
Figure 4.5.1: Microcontroller Flow Chart 
 
The Microcontroller will have multiple functions as it will be analyzing the the signal. The 
Microcontroller will remain in regular mode until a fault is detected. In this case, the main action 
of the Microcontroller will be to compare the two input signals and comparing it to certain 
thresholds.  
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First, if the sum of the signals passes a certain threshold, then it will determine that there is low 
impedance fault. This will cause the Microcontroller to signify that it is a low impedance fault and 
activate the high impedance mode.  
 
Similarly, if the difference of the signals passes a certain threshold, then it will determine that there 
is a high impedance fault. This will cause the Microcontroller to signify that it is a high impedance 
fault and activate the high impedance mode.  
 
4.5.2 SWITCHING RELAY BLOCK 
The design for the Switching Relay is shown below in figure 4.5.2. 
 
Figure 4.5.2: Switching Relay Schematic 
 
The relay is modeled by an electromagnetic relay, which is activated if a voltage flows through it. 
This is implemented using a MOSFET to supply the necessary voltage. This relay will only be 
activated by the Microcontroller during high impedance mode.  
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5.0 SMART RECLOSER – DESIGN IMPLEMENTATION 
This section explores the design implementation of the miniature Smart Recloser Prototype. In 
order to properly follow the design implementation of the prototype, the basic functionality of the 
design is introduced. Each major functional block will then be explained and covered. The selected 
components and parts will be briefly discussed, followed by their measurements and the results of 
each block. 
 
5.1 DESIGN OVERVIEW 
The Smart Recloser is able to successfully detect and react to various faults that occur in the 
distribution line. By assessing which type of fault is occurring, the distributed signal is affected. 
This can either cause high levels of current or unbalanced waveforms. This is the principle 
functionality of the Smart Recloser. By analyzing the positive and negative cycles of the signal, it 
is possible to compare their values to one another and determine if there is a fault and disconnect 
the line.  
 
An important concept of the Recloser is that the line does not fully disconnect, rather a high 
impedance resistor is connected. There are two important reasons for this: 1) the signal in the 
Distribution Line will be significantly reduced and 2) the Smart Recloser will be able to continue 
to analyze the line at a much safer level. With this in consideration, the prototype is able to 
constantly analyze the line and determine when faults occur and when faults are cleared.  
 
Building around this basic functionality, the design of the Smart Recloser could be fully 
implemented. The full schematic is shown in figure 5.1.1. 
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Figure 5.1.1: Full Schematic 
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5.2 DISTRIBUTION LINE TESTER & CURRENT SENSOR 
This section analyzes the signal through the Distribution Line at various faults and the response 
from the current sensor. This will help show how the waveforms are affected and how the Smart 
Recloser could ultimately observe the line. 
5.2.1 TESTING DISTRIBUTION LINE IMPLEMENATION 
The parts used for the Testing Distribution Line are shown below. 
 
The adjustable power resistor from Vishay in figure 5.2.1 was used to implement the load resistor, 
high impedance resistor, and the low impedance fault resistor. It is important to note that there is 
+ 5% accuracy to the resistance value. More details of the selected power resistor can be seen in 
Appendix A.  
 
 
Figure 5.2.1: Vishay Power Wire Wound Resistor Model 
 
A potentiometer and the 1N4004 diode were used to implement the high impedance fault resistor. 
This design was chosen in order to allow the Smart Recloser to analyze different fault intensities. 
The concept will remain the same. The figure 5.2.2 shows the parts used.  
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Figure 5.2.2: High Impedance Fault Model 
 
5.2.2 CURRENT SENSOR IMPLEMENTATION 
The parts used for the Current Sensor are shown below. 
 
A split Core Current Transformer from EChun was used to implement the Current Sensor. This 
part was used due to its not invasive property to the signal. Using the sensor will not affect the 
current flow through the Distribution Line, however it will still allow the Smart Recloser to 
constantly read the signal. This component has a 2000/1 primary to secondary winding ratio. 
Further details of the Current Transformer can be found in Appendix C. The part used is shown in 
figure 5.2.3.  
 
Figure 5.2.3: Current Sensor Model 
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5.2.3 REGULAR & HIGH IMPEDANCE MODE ANALYSIS 
The oscilloscope graphs during regular operation and high impedance mode are shown in figure 
5.2.4 and figure 5.2.5. 
 
Figure 5.2.4: Regular Operation – Distribution Line & Current Sensor 
 
Figure 5.2.5: High Impedance Mode – Distribution Line & Current Sensor 
 
The waveform in channel 1 displays the voltage across the load resistor in the Distribution Line 
Tester. The wave form in channel 2 displays the voltage at the output of the Current Sensor. At 
regular operation, signal will flow as a perfect symmetrical sinusoidal signal. At high impedance 
mode, the high resistance will decrease the voltage. It is interesting to note that amplitudes are not 
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as expected with a 10Vpk 60Hz power source. The variance may be due to some internal 
resistance.  More importantly, in both cases, the positive and negative cycles of the waveform are 
equivalent to one another. This will be affected by the various faults.  
 
5.2.4 LOW IMPEDANCE FAULT ANALYSIS 
The oscilloscope graphs during a low impedance fault are shown in figure 5.2.6 and figure 5.2.7. 
 
Figure 5.2.6: Low Impedance Fault – Distribution Line & Current Sensor 
 
Figure 5.2.7: Low Impedance Fault w/ High Impedance Mode – Distribution Line & Current 
Sensor 
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During the low impedance fault, it is clear that the voltage induced at the current sensor increases 
significantly. This increase in voltage will allow the Smart Recloser compare the normal 
conditions to these fault values. Surpassing a certain threshold will allow the Recloser to determine 
when to open/close the line.  
 
5.2.5 HIGH IMPEDANCE FAULT ANALYSIS 
The oscilloscope graphs during an intense high impedance fault are shown in figure 5.2.8 and 
figure 5.2.9. 
 
Figure 5.2.8: High Impedance Fault I – Distribution Line & Current Sensor 
 
Figure 5.2.9: High Impedance Fault w/ High Impedance Mode I – Distribution Line & Current 
Sensor 
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During a high impedance fault, it is clear that the signal is distorted and loses its symmetry. At 
both the fault occurrences, the positive and negative cycles of the waveforms are not equal. This 
will allow the Smart Recloser to compare the upper and lower values of the signal and determine 
if they are equal. By analyzing these values, a high impedance fault can be detected.  
 
It will be interesting to analyze different intensities of a high impedance fault. At a lower intensity, 
some distortion can be seen. However, it will be clear that a fault with the High Impedance Mode 
activated will make it difficult for the Smart Recloser to detect. Thus, the Smart Recloser may 
need to analyze both a threshold for the total voltage and the difference in the upper and lower 
halves of the waveforms. The oscilloscope graphs during a slight high impedance fault are shown 
in figure 5.2.10 and figure 5.2.11. 
 
Figure 5.2.10: High Impedance Fault II – Distribution Line & Current Sensor 
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Figure 5.2.11: High Impedance Fault w/ High Impedance Mode II – Distribution Line & Current 
Sensor 
 
5.3 WAVE ANALYZER 
This section explains the two major parts of the Wave Analyzer block, the amplifier and the half-
wave rectifier. The Wave Analyzer helps interface the signal from the Current Sensor to the 
Microcontroller. Ultimately, the Wave Analyzer will output an amplified, DC signal to the 
following stage. Thus, the signal will vary according to the various modes of operation and faults.   
 
5.3.1 AMPLIFIER IMPLEMENTATION 
There are two separate sets of amplifier designs used. In both implementations, the LM324 Op 
Amp was used. This op amp was supplied with +15V, -15V at its power rails. The specification of 
this Op Amp can be seen in Appendix D. 
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Figure 5.3.1: LM324 Op Amp 
 
Two amplifier designs were used in order to amplify both the positive and negative cycles of the 
waveform. The amplifier design for the positive half cycle is shown in figure 5.3.2. 
 
Figure 5.3.2: Amplifier for Positive Cycle Waveform 
 
The non-inverting amplifier was used to help increase the voltage response from the Current 
Sensor. Using this implementation, the signal should follow this response: 
Vout = Vin (1+ 
𝑅1
𝑅2
) = Vin * 3 
The amplifier design for the positive half cycle is shown in figure 5.3.3. 
 43 
 
Figure 5.3.3: Amplifier for Negative Cycle Waveform 
 
A unity gain amplifier cascaded with an inverting amplifier was used to capture the negative part 
of the wave. Since it was required to attain the negative part of the signal from the Current Sensor, 
an inverting amplifier was necessary. To properly implement the amplifier without altering the 
signal from the Current Sensor the unity gain amplifier was used. With this implementation, the 
signal should follow this response: 
Vout = Vin (1 * (-R2/R1)) = -Vin * 3 
Thus, with the appropriate resistors selected, both amplifier designs for the positive and negative 
cycles will amplify the signal equally.  
 
5.3.2 HALF-WAVE RECTIFIER IMPLEMATATION 
Using the amplified signal, it was necessary to rectify the wave form to a steady DC level to 
interface the following functional block, the Microcontroller. The design schematic and 
components are shown in figure 5.3.4. 
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Figure 5.3.4: Half-Wave Rectifier  
 
In order to retain only the positive part of the signal, the half-wave rectifier with a smoothing cap 
was used. This will eliminate the the negative cycles and allow the capacitor to charge to a nearly 
constant DC level. In order to allow the capacitor to charge long enough, the time constant had to 
follow this relationship: 
R * C >> 1/f 
Estimating the component values within the above range, the rectifier could work properly.  
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5.3.3 REGULAR AND HIGH IMPEDANCE MODE ANALYSIS 
The oscilloscope graphs during regular operation and high impedance mode are shown in figure 
5.3.5 and figure 5.3.6. 
 
 
Figure 5.3.5: Regular Operation –Wave Analyzer Output 
 
 
Figure 5.3.6: High Impedance Mode –Wave Analyzer Output 
The waveform in channel 1 displays the rectified voltage for the positive cycle. The waveform in 
channel 2 displays the rectified voltage for the negative cycle.  
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At Regular Operation, the wave analyzer outputs approximately 2.40V and 2.24V for the positive 
and negative cycles of the signal. It would be expected that these two value to be equal, but this 
may be due to the accuracy of the amplifier components.  
 
At High Impedance Mode, the wave analyzer outputs approximately 1.36V and 1.12V. As 
expected, the voltage levels reduce to a lower level due to the high impedance connected in the 
Distribution Line. Again, without any faults, it is expected that a symmetrical signal should result 
in equal voltage levels at the output.  
 
These inequalities will be considered and the offset will be applied to the Microcontroller code.  
 
5.3.4 LOW IMPEDANCE FAULT 
The oscilloscope graphs during a low impedance fault are shown in figure 5.3.7 and figure 5.3.8. 
 
  
Figure 5.3.7: Low Impedance Fault –Wave Analyzer Output 
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Figure 5.3.8: Low Impedance Fault w/ High Impedance Mode –Wave Analyzer Output 
 
When a Low Impedance Fault occurs the voltage levels at the output increases to 3.84V and 3.60V. 
This significant increase in voltage will allow the Smart Recloser to detect that a Low Impedance 
Fault has occurred. Activating the High Impedance Mode, these voltage levels will reduce to a 
safer level. However, these voltage level will still be higher than during the High Impedance Mode. 
If the levels have decreased further, then the Smart Recloser can detect that the fault has cleared.   
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5.3.5 HIGH IMPEDANCE FAULT 
The oscilloscope graphs during an intense high impedance fault are shown in figure 5.3.9 and 
figure 5.3.10. 
 
 
Figure 5.3.9: High Impedance Fault I –Wave Analyzer Output 
 
 
Figure 5.3.10: High Impedance Fault w/ High Impedance Mode I –Wave Analyzer Output 
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A significant property of High Impedance Faults is that although the current may not increase 
significantly, the positive and negative cycles of the signal will not be symmetric anymore. 
Observing the oscilloscopes during a High Impedance Fault, it is clear that there is a significant 
difference between the positive (3.36V) and negative (2.80V) cycles. This difference will allow 
the Smart Recloser to differentiate this type of fault as a High Impedance Fault. With the fault is 
persistent and the High Impedance mode activated, the difference of 1.68V to 1.20V is still 
significant. Once the fault has lowered, the Smart Recloser will analyze the fault as cleared.  
 
It is important to also observe how the Smart Recloser can handle High Impedance Faults at 
different intensities. The oscilloscope graphs during a slight high impedance fault are shown in 
figure 5.3.11 and figure 5.3.12. 
 
 
Figure 5.3.11: High Impedance Fault II –Wave Analyzer Output 
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Figure 5.3.12: High Impedance Fault w/ High Impedance Mode II –Wave Analyzer Output 
 
At lower intensities, measuring the symmetry between the positive and negative cycles of the 
signal may become more difficult. As shown above, the voltage levels do not increase 
significantly, however there is a slight difference between the upper and lower halves of the waves 
(2.80V and 2.40V). This small difference will still allow the Smart Recloser to detect that fault. 
Similarly, when the High Impedance mode is activated, at a voltage level of 1.28V and 1.04V, the 
signal does behave normally and the Smart Recloser will keep the line open.  
 
As the intensities of the High Impedance Faults become less severe, the accuracy of the Smart 
Recloser will become crucial. Since the difference between the positive and negative cycles may 
be minor, the Recloser will need to intelligently determine is there is truly a fault or not.  
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5.4 MICROCONTROLLER & SWITCHING RELAY BLOCK 
This section discusses the Microcontroller and Switching Relay design. The Microcontroller 
section will first go into the hardware and wiring scheme, then the software and coding decisions 
will be explained. Finally, the Switching Relay will conclude how the Smart Recloser interacts 
with the line depending on the faults that occur.  
 
5.4.1 MICROCONTROLLER HARDWARE IMPLEMENTATION 
The Microcontroller selected was the Arduino Uno. An important feature of this Microcontroller 
is to intelligently analyze the Distribution Line and properly react. In order to allow the user to 
physically observe the state of the Smart Recloser, a LCD screen was utilized. The Arduino Uno 
will be able to respond to the LCD and let the observer see what is happening. These components 
can be further investigated in Appendix E and Appendix F. 
 
Figure 5.4.1: Arduino Uno 
 
Figure 5.4.2: LCD 2 x 16 
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The Microcontroller will need to interface multiple signals and modules. It will receive two signals 
from the Wave Analyzer, the positive and negative cycles. After some analysis, it must output a 
response to the Relay Switching Block and the LCD screen. The wiring schematic of the 
Microcontroller is shown in figure 5.4.3. 
 
Figure 5.4.3: Arduino Uno Schematic 
 
5.4.2 MICROCONTROLLER SOFTWARE IMPLEMENTATION 
The logic for the Microcontroller has to implement various functionalities. This includes correctly 
detecting when a fault has occurred, differentiating between a low and high impedance fault, and 
also determining when a fault has cleared. At the same time, the Microcontroller will need to send 
signals to the Switching Relay to activate the High Impedance mode and send signals to the LCD 
screen to show the current state of the Smart Recloser.  
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These different functionalities are summarized in the flow chart of figure 5.4.4. Furthermore, it 
will be useful to give a brief overview of sections of the implemented code. The full code can be 
found in Appendix G.   
 
Figure 5.4.4: Microcontroller Flow Chart 
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The Microcontroller begins with analyzing the Distribution Line during regular operation and high 
impedance mode. By setting the average values, a threshold could be set to detect when a fault 
occurs and has cleared. The Microcontroller will compare the positive and negative cycles of the 
input signal. By analyzing the sum of the two values, it will be able to detect any overcurrent. 
Likewise, observing the differences will let the Microcontroller detect distortions in the 
Distribution Line. Furthermore, the LCD screen will continuously update itself according to its 
current state. The code for initializing these values are shown below: 
 
 
Figure 5.4.5: Code – Regular Operation Initialization 
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Figure 5.4.6: Code – High Impedance Mode Initialization 
 
 
Figure 5.4.7: Code – Threshold Values 
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After the initialization of the Smart Recloser, the Microcontroller will enter into a constant loop to 
analyze the Distribution Line. During Mode 0, the Smart Recloser will operate at normal mode, in 
which no fault is occurring. It is during this phase that the Recloser will be observing for faults in 
the line. The code is shown below. 
 
Figure 5.4.8: Code – Mode 0 
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In mode 1, a Low Impedance Fault has occurred. This happens due to the large amount of current 
through the Distribution Line. At this stage, the High Impedance Mode is activated and the Smart 
Recloser will be detecting when the signal levels have returned to normal. If the line is operating 
at normal levels, then the Smart Recloser will start to transition back into mode 0.  
 
Figure 5.4.9: Code – Mode 1 
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In mode 2, a High Impedance Fault has been detected. This happens when the signal through the 
line is not symmetric. This is determined by comparing the difference between the positive and 
negative cycles of the signal.  However, due to the accuracy of the design, the Microcontroller will 
need to check one more time. If there is a constant fault, then the High Impedance mode is 
activated.  
 
Figure 5.4.10: Code – Mode 2 
 
In the following three modes, mode 3-5, the Microcontroller is detecting if the signal has returned 
to normal levels for three cycles. If this requirement is met, then the fault has cleared.  
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Figure 5.4.11: Code – Mode 3, 4, 5 
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In mode 6, the fault has been cleared and the High Impedance resistor has been disconnected 
from the line. There will be a delay period before the Microcontroller loop is returned back to 
normal operation at mode 0.  
 
Figure 5.4.12: Code – Mode 6 
  
 61 
5.4.3 RELAY IMPLEMENATATION 
The Switching Relay will utilize a MOSFET in order to drive the relay. By receiving a signal from 
the Microcontroller, the relay will connect or disconnect the High Impedance resistor. The 
schematic for the Switching Relay is shown in figure 5.4.13.  Further specifications for the relay 
is shown in Appendix H.  
 
Figure 5.4.13: Relay Schematic 
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6.0 CONLCUSION 
This MQP design successfully built and tested a functional Smart Recloser miniature prototype. 
The prototype combines the features of the traditional Circuit Breaker and Auto Recloser with the 
intelligent design of a Microcontroller. These features allow the device to operate with power 
distribution lines. This project helps prove the plausible implementation of a Smart device to the 
electrical power system. 
 
The Smart Recloser can be improved by exploring the accuracy of the design. Currently, the 
Recloser can accurately detect Low Impedance faults and intense High Impedance Faults. It will 
be better to investigate how the Smart Recloser will be able to analyze High Impedance faults at 
different intensities. This design will allow the Smart Recloser to simulate different types of faults 
and assess how the device will respond. 
 
An important consideration to keep in mind is the actual real-world implementation. In general, 
the Smart Recloser will need to be scaled to handle much higher levels of current and voltages as 
in a Distribution Line. Furthermore, it will be important to factor in the time response of the device. 
In case of faults it may be important that have a quick response in connecting or disconnecting the 
line. However, another factor is reconnecting the line safely. The Smart Recloser needs to have a 
safety measure in case there are line works operating at the line to clear any sources of faults. 
Another standpoint is the High Impedance mode design. Conceptually, the Smart Recloser will 
connect a very high impedance to lower the Distribution Line voltage and current. Actually 
implementing this concept to real power systems may not be practical or safe. In essence, the fault 
will still be affecting the load and the power source. Due to this there will be some potential danger 
to this design.  
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APPENDIX A: Power Resistor 
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APPENDIX B: 1N4004 Diode 
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APPENDIX C: Current Sensor 
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APPENDIX D: Op Amp 324a 
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APPENDIX E: Arduino Uno 
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APPENDIX F: LCD 2x16 
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APPENDIX G: Code 
[code] 
/* 
  SMART RECLOSER CODE 
  By: Hung Ngo 
  Department: Electrical and Computer Engineering, WPI 
  Date: February 23, 2017 
  Summary: This code implements a Smart Recloser that is capable of detecting 
Low Impedance and High Impedance faults.  
   
*/ 
  
// include the library code: 
#include <LiquidCrystal.h> 
 
// initialize the library with the numbers of the interface pins 
LiquidCrystal lcd(12, 11, 5, 4, 3, 2); 
 
// Set up values 
const int UpperWave = A0;    // select the input pin for upper wave 
const int LowerWave = A1;    // select the input pin for lower wave 
int RelayPin = 13; 
int mode = 0; // mode of operation, 0 = Regular Operation, 1 = High Impedance, 
int ave_sum_reg, ave_sum_high, tot_sum_reg, tot_sum_high = 0; 
int ave_diff_reg, ave_diff_high, tot_diff_reg, tot_diff_high = 0; 
int UpperValue;  // variable to store the value coming from A0 
int LowerValue;  // variable to store the value coming from A1 
int sum, difference = 0; // variable to compare upper and lower waveforms 
int Fault_Sum, Fault_Diff, Reg_Sum, Reg_Diff = 0; 
 
void setup() { 
  // initialize serial communications at 9600 bps: 
  Serial.begin(9600); 
  // set up the number of columns and rows on the LCD 
  lcd.begin(16, 2); 
  // set Relay Pin as output 
  pinMode(RelayPin, OUTPUT);  
  lcd.print("SMART RECLOSER"); 
  lcd.setCursor(0,1); 
  lcd.print("Analzying Line");  
 
  ////////CODE FOR AVERAGE VALUES//////// 
 
  // Clear Extra Data from Digital Reads 
  UpperValue = analogRead(UpperWave); // Read input from upper waveform 
  LowerValue = analogRead(LowerWave); // Read input from lower waveform 
  delay(1000); 
 
  /////////Gather data for Regular Operation//////// 
  digitalWrite(RelayPin, HIGH); 
  delay(5000); 
 
  Serial.println ("\t Regular Operation Analyzation"); 
   
  for (int i=0; i<5; i++){ 
    //Read Data from pins 
    UpperValue = analogRead(UpperWave); // Read input from upper waveform 
    LowerValue = analogRead(LowerWave); // Read input from lower waveform 
    sum = UpperValue + LowerValue; // Get the sum of the Upper and Lower 
Waveforms 
    difference = LowerValue - UpperValue; // Get the difference between the 
Upper and Lower Waveforms 
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    //Print the values of the Upper and Lower Wave forms onto the Serial Monitor 
    Serial.print ("\t Sum = "); 
    Serial.print(sum); 
    Serial.print ("\t Difference = "); 
    Serial.println(difference); 
 
    //Add to Total Sum, Total Difference 
    tot_sum_reg += sum; 
    tot_diff_reg += difference; 
    delay (1000); 
  } 
 
  //Calculate Sums & Differences   
  ave_sum_reg = ceil(tot_sum_reg/5); 
  ave_diff_reg = tot_diff_reg/5; 
   
  Serial.print ("\t Total Sum = "); 
  Serial.print(tot_sum_reg); 
  Serial.print ("\t Total Difference = "); 
  Serial.println(tot_diff_reg); 
  Serial.print ("\t Average Sum = "); 
  Serial.print(ave_sum_reg); 
  Serial.print ("\t Average Difference = "); 
  Serial.println(ave_diff_reg); 
 
  ///////Gather data for High Impedance Operation/////// 
  digitalWrite(RelayPin, LOW); 
  delay(4000); 
 
  Serial.println ("\t High Impedance Analyzation"); 
   
  for (int i=0; i<5; i++){ 
    //Read Data from pins 
    UpperValue = analogRead(UpperWave); // Read input from upper waveform 
    LowerValue = analogRead(LowerWave); // Read input from lower waveform 
    sum = UpperValue + LowerValue; // Get the sum of the Upper and Lower 
Waveforms 
    difference = LowerValue - UpperValue; // Get the difference between the 
Upper and Lower Waveforms 
     
    //Print the values of the Upper and Lower Wave forms onto the Serial Monitor 
    Serial.print ("\t Sum = "); 
    Serial.print(sum); 
    Serial.print ("\t Difference = "); 
    Serial.println(difference); 
 
    //Add to Total Sum, Total Difference 
    tot_sum_high += sum; 
    tot_diff_high += difference; 
    delay (1000); 
  } 
 
  //Calculate Sums & Differences 
  ave_sum_high = ceil(tot_sum_high/5); 
  ave_diff_high = tot_diff_high/5; 
 
  Serial.print ("\t Total Sum = "); 
  Serial.print(tot_sum_high); 
  Serial.print ("\t Total Difference = "); 
  Serial.println(tot_diff_high); 
  Serial.print ("\t Average Sum = "); 
  Serial.print(ave_sum_high); 
  Serial.print ("\t Average Difference = "); 
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  Serial.println(ave_diff_high); 
 
 
  //////Set Thresholds///// 
  Fault_Sum = ave_sum_reg + 300; //Threshold when Low Impedance Occurs 
  Fault_Diff = ave_diff_reg + 2; //Threshold when High Impedance Occurs 
  Reg_Sum = ave_sum_high; //Threshold when fault is cleared 
  Reg_Diff = ave_diff_high; //Threshold when fault is cleared 
   
  Serial.println("\t "); 
  Serial.print ("\t Threshold Fault Sum = "); 
  Serial.print(Fault_Sum); 
  Serial.print ("\t Threshold Fault Difference = "); 
  Serial.println(Fault_Diff); 
  Serial.print ("\t Threshold Regular Sum = "); 
  Serial.print(Reg_Sum); 
  Serial.print ("\t Threshold Regular Difference = "); 
  Serial.println(Reg_Diff); 
  //////////////////////// 
 
  digitalWrite(RelayPin, HIGH); 
  Serial.println("\t Starting Smart Recloser"); 
  Serial.println("\t "); 
  delay(3000); 
} 
 
void loop() { 
   
  // Set up intial values for Positive and Negative Half Cycles Waves 
  UpperValue = analogRead(UpperWave); // Read input from upper waveform 
  LowerValue = analogRead(LowerWave); // Read input from lower waveform 
  sum = UpperValue + LowerValue; // Get the sum of the Upper and Lower Waveforms 
  difference = LowerValue - UpperValue; // Get the difference between the Upper 
and Lower Waveforms 
 
  //Print the values of the Upper and Lower Wave forms onto the Serial Monitor 
  Serial.print("UpperValue = "); 
  Serial.print(UpperValue); 
  Serial.print("\t LowerValue = "); 
  Serial.print(LowerValue); 
  Serial.print ("\t Sum = "); 
  Serial.print(sum); 
  Serial.print ("\t Difference = "); 
  Serial.println(difference); 
   
  switch(mode){ 
    case 0: // Normal operation, recloser constantly checks if there is a Fault 
    { 
      if (sum >= Fault_Sum) // Check for Low Impedance Fault 
      { 
        Serial.println("\t There is a Low Impedance Fault!"); 
        Serial.println("\t Disconnecting Line..."); 
         
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Fault Detected!"); 
        lcd.setCursor(0,1); 
        lcd.print("Low Impedance"); 
          delay(3000); 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnecting"); 
        lcd.setCursor(0,1); 
        lcd.print("Line............"); 
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        mode = 1; 
        digitalWrite(RelayPin, LOW); 
      } 
      else if (difference >= Fault_Diff) // Check for High Impedance Fault 
      { 
        Serial.println("\t Checking for Fault!"); 
        mode = 2; 
      } 
      else // Remain in Regular Operation Mode      
      { 
        Serial.println("\t Regular Operation..."); 
         
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Normal Operation"); 
         
        digitalWrite(RelayPin, HIGH); 
      } 
      break; 
    } 
     
    case 1: //There is a Low Impedance Fault, activate High Impedance Mode and 
wait for fault to clear 
    { 
      if ((sum <= Reg_Sum + 5) & (difference <= Reg_Diff)) // Check if Fault 
has cleared 
      { 
        Serial.println("\t Fault has cleared"); 
        Serial.println("\t Reconnecting Line..."); 
 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnected"); 
        lcd.setCursor(0,1); 
        lcd.print("Fault Cleared"); 
   
        mode = 6; 
      } 
      else // Remain in High Impedance Mode until Low Impedance Fault has 
cleared 
      { 
        Serial.println("\t High Impedance Mode - Low Impedance Fault"); 
 
      lcd.clear(); 
      lcd.setCursor(0,0); 
      lcd.print("Disconnected"); 
      lcd.setCursor(0,1); 
      lcd.print("Fault Detected"); 
           
        digitalWrite(RelayPin, LOW); 
      } 
      break; 
    } 
     
    case 2: //High Impedance Fault has been detected, check again if there is 
truely a fault 
    { 
      if (difference >= Fault_Diff) // Check if there is a consistent High 
Impedance Fault 
      { 
        Serial.println("\t There is a High Impedance Fault!"); 
        Serial.println("\t Disconnecting Line..."); 
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        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Fault Detected!"); 
        lcd.setCursor(0,1); 
        lcd.print("High Impedance"); 
          delay(3000); 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnecting"); 
        lcd.setCursor(0,1); 
        lcd.print("Line............"); 
 
        mode = 3; 
         
        digitalWrite(RelayPin, LOW); 
      } 
      else 
      { 
        mode = 0; 
        Serial.println("\t Regular Operation..."); 
        digitalWrite(RelayPin, HIGH); 
      } 
      break; 
    } 
     
    case 3: //There is a High Impedance Fault, activate High Impedance Mode and 
wait for fault to clear for 3 cycles. (This will be the first cycle) 
    { 
      if ((sum <= Reg_Sum) & (difference <= Reg_Diff)) // Check if Fault has 
cleared 
      { 
        Serial.println("\t Checking if fault has cleared..."); 
         
        mode = 4; 
      } 
      else // Remain in High Impedance Mode until High Impedance Fault has 
cleared 
      { 
        Serial.println("\t High Impedance Mode - High Impedance Fault"); 
 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnected"); 
        lcd.setCursor(0,1); 
        lcd.print("Fault Detected"); 
         
        mode = 3; 
        digitalWrite(RelayPin, LOW); 
      } 
      break; 
    } 
 
    case 4: //There is a High Impedance Fault, activate High Impedance Mode and 
wait for fault to clear for 3 cycles. (This will be the second cycle) 
    { 
      if ((sum <= Reg_Sum) & (difference <= Reg_Diff)) // Check if Fault has 
cleared 
      { 
        Serial.println("\t Checking if fault has cleared..."); 
         
        mode = 5; 
      } 
      else // Remain in High Impedance Mode until High Impedance Fault has 
cleared 
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      { 
        Serial.println("\t High Impedance Mode - High Impedance Fault"); 
 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnected"); 
        lcd.setCursor(0,1); 
        lcd.print("Fault Detected"); 
         
        mode = 3; 
        digitalWrite(RelayPin, LOW); 
      } 
      break; 
    } 
     
    case 5: //There is a High Impedance Fault, activate High Impedance Mode and 
wait for fault to clear for 3 cycles. (This will be the third cycle) 
    { 
      if ((sum <= Reg_Sum) & (difference <= Reg_Diff)) // Check if Fault has 
cleared 
      { 
        Serial.println("\t Fault has cleared"); 
        Serial.println("\t Reconnecting Line..."); 
 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnected"); 
        lcd.setCursor(0,1); 
        lcd.print("Fault Cleared"); 
         
        mode = 6; 
      } 
      else // Remain in High Impedance Mode until High Impedance Fault has 
cleared 
      { 
        Serial.println("\t High Impedance Mode - High Impedance Fault"); 
 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Disconnected"); 
        lcd.setCursor(0,1); 
        lcd.print("Fault Detected"); 
         
        mode = 3; 
        digitalWrite(RelayPin, LOW); 
      } 
      break; 
    } 
     
    case 6: //If fault has cleared, reconnect line and enter wait period 
    { 
        Serial.println("\t Fault has cleared - Preparing Line"); 
         
          delay(3000); 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Preparing Line"); 
        lcd.setCursor(0,1); 
        lcd.print("................"); 
        digitalWrite(RelayPin, HIGH); 
         delay(10000); 
        lcd.clear(); 
        lcd.setCursor(0,0); 
        lcd.print("Line Connected"); 
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        mode = 0; 
      } 
      break; 
 } 
   
 
  delay(1000); 
} 
 
[/code] 
 
 
 
 
APPENDIX H: Relay 
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